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(57) In methods and apparatus lor estimating mo- 
bile location in a wireless communication system includ- 
ing a plurality of base stations the base stations period- 
ically transmit location signals to mobile stations during 
a system-wide blank-and-burst interval during which 
normal wireless communications are suspended 
(100,102). The inten/al is made sufficiently short that 
disruption to normal operation is negligible. Each base 
station transmits a distinct location signal which can be 
identified by a mobile station as associated with a par- 
ticular base station. A given mobile station for which a 
location estimate is to be generated detects location sig- 
nals from at least three of the system base stations 
(104). The detected location signals are used to gener- 
ate differential path delay measurements which may be 
further processed in accordance with a triangulation 
technique to generate an estimate of mobile location 
(106). The suspension of normal wireless communica- 
tions permits the location signals to occupy a broad 
bandwidth corresponding to multiple voice data chan- 
nels, such that high resolution differential path delay 
measurements can be generated. The location signals 
from adjacent or neighboring base stations may also be 
configured to appear mutually orthogonal at a receiving 
mobile station, such that location signals from base sta- 
tions close to a mobile will not Interfere with detection 
of a location signal from a more distant base station. For 
example, the location signals may be selected to have 
waveforms which exhibit substantially non-overlapping 
comb-like frequency spectra The invention may also be 
implemented in partial system blanking embodiments 
and mobile-to-base embodiments. 
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Description 

Field of the Invention 

The present invention relates generally to cellular, 
personal communication services (PCS) and other wire- 
less communication systems, and more particularly to 
techniques lor estimating the location of a mobile tele- 
phone or other mobile communication station in such 
systems. 

Background of the Invention 

Demand for wireless communication services, such 
as mobile telephone services in cellular and PCS sys- 
tems, is continually increasing. An important issue in 
wireless communication systems involves the estima- 
tion of mobile station location. For example, the Federal 
Communications Commission (FCC) has requested 
that all cellular and PCS systems eventually include 
emergency 911 caller location capabilities similar to 
those provided in wired systems. As noted in Radio 
Communications Report, Vol. 15, No. 51 , December 16, 
1996, the FCC has required that Phase 1 of a wireless 
emergency 911 (E-911) system providing a 911 agent 
with cailer number and cell site location must be com- 
pleted by April 1. 1998. v/hWs Phase II of the E-911 sys- 
tem providing caller latitude and longitude within a radi- 
us of no more than 1 25 meters in at least 67% of all 
cases must be completed by October 1 , 2001 . A number 
o1 other services requiring mobile location estimation 
are also being considered, including routing guidance 
services, fleet management and other commercial serv- 
ices. A wireless system which is able to determine the 
position of a given mobile station in an efficient manner 
could thus provide an enhanced level of service to the 
user, while meeting the above-noted FCC requirements 
and also generating additional revenue for the service 
provider. 

Many conventional techniques for estimating mo- 
bile location in a wireless system are based on time dif- 
ference of arrival (TDOA) measurements, which in- 
volves measuring the difference in arrival time of signals 
transmitted to or from different locations in the system. 
When implemented in the base-to-mobile direction, 
TDOA location estimation involves the mobile station 
detecting signals transmitted from at least three sur- 
rounding base stations. When implemented in the mo- 
bile-to-base direction, TDOA location estimation in- 
volves at least three surrounding base stations detect- 
ing a location signal transmitted from the mobile station. 
In either case, the resulting signal arrival time informa- 
tion can then be processed using well-known relation- 
ships to derive an estimate of mobile location. Three 
base stations are generally required in order to estimate 
mobile location in two dimensions. Differential range 
values may be computed by multiplying the TDOA dif- 
ferential path delay measurements by the speed of light 



c to provide an estimate of the differential distance be- 
tween the mobile station and any pair of the three base 
stations. Each differential range defines a hyperbola 
having its foci at the corresponding base stations, such 
5 that the mobile location may be estimated as the inter- 
section of three hyperbolas associated with the three 
pairs of base stations. A tvs«D-dimensional mobile station 
location estimate (x^, yo) may be generated by solving 
equations for the hyperbolas using differential range val- 
10 ues computed for the first and second, first and third and 
second and third base stations. Additional details re- 
garding these and other conventional location estima- 
tion techniques may be found in, for example, J. Caffery 
et aL. "Radio Location in Urban CDMA Microcells.' Pro- 
is ceedings of PIMRC '95, pp. 858-862, IEEE, 1995, and 
M. Wy lie et al. , "The Non-Line of Sight Problem in Mobile 
Location Estimation." ICUPC '95, Boston. MA. 1995, 
both of which are incorporated by reference herein. 
Regardless of the manner in which the differential 
20 range values are processed to determine mobile loca- 
tion, the TDOA location estimation process is often com- 
plicated by the limited bandwidth available for the time 
difference measurements. In general, a wider band- 
width provides a more accurate arrival time measure- 
rs ment for a given location signal. The multipath environ- 
ment in which many wireless systems operate further 
complicates the measurements. The arrival time of in- 
terest for a given location signal is that corresponding 
to the most direct path between a transmitter and receiv- 
30 er. This arrival time will be delayed by an amount of time 
proportional to the distance or range between the trans- 
mitter and receiver, and is therefore useful in location 
estimation. The signals carried by other non-direct paths 
can be regarded as a form of noise. Another source of 
35 impairment is additive noise due to interference from 
other mobile stations or base stations. For example, 
when a mobile station is within about one-fourth of a cell 
radius of a given base station, a location signal trans- 
mitted from or received by that base station can be as 
40 much as 35 dB stronger than the corresponding signal 
associated with the third nearest base station. Moreo- 
ver, in wireless systems based on the IS-95 standard, 
the weaker signals will generally occupy the same fre- 
quency band as the stronger signals. In the same band 
45 there will also be signals transmitted to or received from 
other mobile stations, further degrading the signal-to- 
interference ratio (SIR). Under these conditions, suc- 
cessful reception of the weaker location signals be- 
comes increasingly difficult as the mobile gets closer to 
50 a given base station. 

it is therefore important that a system with TDOA- 
based mobile location estimation provide sufficient 
bandwidth to discriminate a desired direct path location 
signal from the unwanted multipath signals, and suffi- 
55 cient signal-to-noise ratio (SNR) to enable the possibly 
very weak direct path signal to be detected in the pres- 
ence of interference from other mobiles or base stations. 
Unfortunately, calculations indicate that the 1 .25 MHz 
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bandwidth typical of a given IS-95 communication chan- 
nel is not adequate to achieve the desired TDOA accu- 
racy. For example, a bandwidth of about 10 MHz would 
typically be required to provide a 100 ns resolution for 
the TDOA measurements. In addition, the fact that many 
IS-95 system base stations utilize the same frequency 
bands also makes the available SNR inadequate. Ap- 
plication of conventional TDOA-based mobile location 
estimation techniques to IS-95 and other CDMA wire- 
less systems may therefore require alteration of basic 
system parameters, thereby increasing the cost and 
complexity of the system and possibly degrading sys- 
tem performance in terms of interference and voice 
quality. 

As is apparent from the above, a need exists for a 
mobile location estimation technique which provides a 
broader bandwidth and enhanced SNR for transmitted 
location signals, without altering basic system operating 
parameters, without requiring substantial additional mo- 
bile station and base station circuitfy, and without sig- 
nificantly degrading voice quality and other performance 
measures in the wireless system. 

Summary of the Invention 

The present invention provides methods and appa- 
ratus for mobile location estimation in a wireless com- 
munication system. An exemplary base-to-mobile em- 
bodiment of the invention involves the transmission of 
location signals during periodic system-wide blank-and- 
burst intervals in which voice data communications and 
other on-going wireless communications are temporar- 
ily suspended. For example, a subset of the base sta- 
tions of the wireless system may each transmit a distinct 
location signal during the blank-and-burst interval. The 
btank-and-burst interval may be selected to have a du- 
ration of about 1 to 100 milliseconds such that voice 
quality and other system performance measures are not 
significantly degraded. A particular mobile station for 
which a location estinr>ate is to be generated may then 
detect the three distinct location signals from nearby 
base stations, and generate TDOA differential path de- 
lay measurements which are used in triangulation or an- 
other suitable technique to generate the location esti- 
mate. 

The location signals transmitted during the blank- 
and-burst interval in this exemplary base-to-mobile em- 
bodiment may occupy the bandwidth of multiple chan- 
nels of the system, and will thus have a broader band- 
width than would otherwise be possible using conven- 
tional techniques. The location signals may be config- 
ured using predetermined waveforms which carry no in- 
formation other than that provided by the waveform it- 
self. In addition, the location signals may be selected so 
as to appear mutually orthogonal at a receiving mobile 
station, such that the SNR of the location signals during 
the blank-and-burst interval is substantially increased. 
One possible technique for ensuring mutually orthogo- 



nal location signals involves selecting the signal wave- 
forms such that the signals exhibit substantially non- 
overlapping comb-like frequency spectra. Other tech- 
niques may also be used to generate mutually orthogo- 

s nal location signals in accordance with the invention. For 
example, In an IS-95 or other similar system in which 
base stations transmit a pilot signal for synchronization 
purposes, the pilot signals may be used as location sig- 
nals. The orthogonality feature is provided in such an 

10 embodiment if the mobile station receiver integrates the 
received signal over a time interval that is a multiple of 
the repetition period of the pilot signals. Some or all of 
the base stations could therefore suspend all communi- 
cations during the blank-and-burst interval except for 
transmission of the pilot signal. 

An alternative implementation of the above -de- 
scribed base-to-mobile embodiment may blank only a 
portion of the total bandwidth utilized by the wireless 
system. Such an implementation is particularly well-suit- 

20 ed for use in channelized wireless systems such as the 
Advanced Mobile Phone System (AMPS) and IS-136. 
For example, an embodiment may be configured in 
which only every fourth channel can be used for mobile 
location estimation, in order to preserve three-fourths of 

25 the system bandwidth for uses unrelated to location es- 
timation during any given blank-and-burst interval. This 
partial blank-and-burst technique may be implemented 
in a CDMA system by applying a suitable notch filter to 
an othenwise normal CDMA signal prior to its transmis- 

30 sion during the blank-and-burst interval. The notch filter 
will generally not affect portions of the CDMA signal 
used for other purposes, but frees up the portion of the 
bandwidth needed to transmit the base-to-mobile loca- 
tion signals. 

35 The invention may also be implemented in a mobile- 
to-base embodiment in which at least a subset of all sys- 
tem mobile stations are directed to terminate ordinary 
voice data communication functions for a short blank- 
and-burst interval on the order of 1 to 100 milliseconds. 

40 A system controller then directs one or more mobile sta- 
tions to transmit a location signal during the interval. The 
location signal has an identifying characteristk;. such as 
a particular one of a number of different possible comb- 
like frequency spectra, which associates it with its cor- 

45 responding mobile station. The location signal is re- 
ceived by at least three base stations in the vrcinity of 
the transmitting mobile station, and the various detected 
versions of the transmitted location signal are proc- 
essed to generate an estimate of mobile location. As in 

so the base-to-mobile embodiments, the location signals 
in this mobile-to-base embodiment may be configured 
to occupy a broad bandwidth, such as the bandwidth 
normally occupied by multiple channels of the wireless 
system. The system controller may assign particular 

55 types of location signals to be used by particular mobile 
stations for a given blank-and-burst interval so as to pre- 
serve the above-described appearance of mutual or- 
thogonality for that interval. The location signal assign- 
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ments may drffer from interval to interval depending on 
which nnobiles will be using the location estinnation fea- 
ture. At the expiration of the systenn-wide blank-and- 
burst inlen^al, the system mobile stations resume nor- 
mal voice data communications. ^ 

The present invention provides mobile location es- 
timation in a manner which permits location signals to 
be transmitted with a substantially broader bandwidth 
and increased SNR than conventional techniques. 
Moreover, the improvements are provided without the io 
need tor significant alteration in basic system operating 
parameters or large amounts of additional base station 
or mobile station circuitry, and without significantly de- 
grading voice quality or other system performance 
measures. These and other features and advantages of 
the present invention will become more apparent from 
the accompanying drawings and the following detailed 
description. 

Brief Description of the Drawings 

FIG. 1 shows an exemplary code division multiple 
access (CDMA) wireless communication system in 
which the mobile location estimation techniques of the 
present invention may be implemented. 

FIG. 2 is a block diagram of a base station config- 
ured in accordance with an exemplary embodiment of 
the present invention. 

FIG, 3 is a block diagram of a mobile station config- 
ured in accordance with an exemplary embodiment of 
the present Invention. 

FIG- 4 shows comb-like frequency spectra of exem- 
plary location signals suitable for use in performing a 
mobile location estimation process in the system of FIG. 
1. 

FIG. 5 is a flow diagram illustrating a mobile location 
estimation process implemented in the base-to-mobile 
direction in accordance with an exemplary embodiment 
of the invention. 

FIG. 6 is a flow diagram illustrating a mobile location 
estimation process implemented in the mobile-to-base 
direction in accordance with an exemplary embodiment 
of the invention. 

Detailed Description of the Invention 

The present invention will be illustrated below in 
conjunction with an exemplary IS-95 wireless commu- 
nication system. It should be understood, however, that 
the invention is not limited to use with any particular type 
of system, but is instead more generally applicable to 
any wireless system in which it is desirable to provide a 
broader bandwidth and higher SNR for location estima- 
tion signals without altering the basic system operating 
parameters or significantly degrading system perform- 
ance. For example, although the techniques are illus- 
trated with reference to the IS-95 code division multiple 
access (CDMA) personal communications service 



(PCS) and cellular systems, It will be apparent to those 
skilled in the art that the techniques are also applicable 
to other CDMA wireless systems, as well as narrowband 
analog and time division multiple access (TDMA) wire- 
less systems. The term "primary base station' as used 
herein refers generally to a base station communicating 
directly with a given mobile station, such as the base 
station handling an on-going call for the mobile station. 
The term "location signal" refers to a signal, having cer- 
tain identifiable characteristics, which is used to gener- 
ate path delay information for estimating mobile loca- 
tion. In a base-to-mobile embodiment, a location signal 
is generated by a base station and detected by a mobile 
station, and in a moblle-to-base embodiment a location 
signal is generated by a mobile station and detected by 
a base station. A location signal may be a signal which 
is also used for other purposes in the system, such as 
a pilot signal generated by a base station. The term "sys- 
tem-wide" as used herein is intended to include opera- 
tions which involve at least a subset of the total number 
of base stations or mobile stations of a given wireless 
system. The terms "time interval" or "blank-and-burst in- 
terval" refer to a period of time during which at least a 
subset of the base stations or mobile stations of a wire- 
less system suspend certain normal communication op- 
erations in order to transmit location signals which may 
be detected and used in location estimation. For exam- 
ple, a base station communicating user voice data over 
multiple channels may suspend communication of the 
voice data for the duration of the blank-and-burst inter- 
val, such that a location signal may be transmitted dur- 
ing the interval using the full bandwidth of the multiple 
channels. It should be noted that certain other types of 
base station and mobile station communications may 
not be suspended during a given blank-and-burst inter- 
val. For example, any communications which utilize a 
portion of the system bandwidth which is not occupied 
by a location signal during the blank-and-burst interval 
may continue during that interval. 

FIG. 1 shows an exemplary cellular or PCS wireless 
communication system 10. The system 10 is configured 
in accordance with TIA/E1A/IS-95A, "Mobile Station - 
Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular System," June 
1996. TIA/EIA/IS-97A, "Recommended Minimum Per- 
formance Standards for Base Station Supporting Dual- 
Mode Wideband Spread Spectrum Cellular Mobile Sta- 
tions." June 1 996, and Tl A/EIA/IS-9eA, "Recommended 
Minimum Performance Standards tor Dual-Mode Wide- 
band Spread Spectrum Cellular Mobile Stations," June 
1996, and ANSI J-STD-008, "Personal Station - Base 
Station Compatibility Requirements for 1.8 to 2.0 GHz 
Code Division Multiple Access (CDMA) Personal Com- 
munication Systems," all of which are incorporated by 
reference herein. The system 10 as shown includes a 
mobile station (MS) 12 and a number of base stattons 
est, BS2, BS3 and BS4. The base station BS1 of FIG. 
1 represents a primary base station, communicating di- 
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rectly wrth mobile station 12 via the path designated by 
solid two-way arrow 24. This communication path may 
also be used to transmit a location signal as part of a 
mobile location estimation process as will be described 
in greater detail below. The other base stations BS2, 
BS3 and BS4 may serve as secondary base stations in 
a mobile location estimation process by generating ad- 
ditional location signals transmitted via the paths indi- 
cated by dashed one-way arrows 26. or by receiving a 
location signal from the mobile station in a mobile-to- 
base embodiment. 

The primary base station BSl communicates voice 
data to and from the mobile station 1 2 using C DMA tech- 
niques described in the above-cited standards docu- 
ments. As the mobile station 12 moves within the system 
10, handoffs may occur such that base stations other 
than BSl become primary base stations for communi- 
cating voice data with the mobile station 12. The system 
1 0 also includes first and second mobile switching cent- 
ers (MSCs) 14-1 and 14-2. A given MSG typically con- 
nects several base stations with a public switched tele- 
phone network (PSTN) 16. In this exemplary embodi- 
ment, MSG 14-1 connects base stations BSl and BS2 
with the PSTN 1 6 and MSG 1 4-2 connects base stations 
BS3 and BS4 with the PSTN 16. The system 10 also 
includes a memory 18 having a number of registers in- 
cluding a home location register (HLR) 20 and a visitor 
.location register (VLB) 22. The HLR 20 and VLR 22 
^store user data and billing information for each mobile 
station 12 of the system 10. The operation of elements 
14-1, 14-2. 16. 18, 20 and 22 of system 10 is well un- 
derstood in the art and will therefore not be further de- 
scribed herein. 

The present invention makes use of the fact that 
most wireless systems are designed to withstand a 
short -duration loss of signal or 'dropout.' Such dropouts 
are a common occurrence in narrowband analog sys- 
tems due to multipath fading, and also occur in broader 
bandwidth digital systems such as the IS-95 CDMA sys- 
tem. If the dropout duration is very short, for example, 
about 100 ms or less, its disruption to an on-going tele- 
phone conversation is barely detectable. In an analog 
system, a user may hear a weak click during a dropout, 
while in a digital system a voice decoder may be used 
to fill in the missing voice data with computed data in 
order to make the sound flow smoothly An artificial 
dropout technique known as "blank-and-burst" is com- 
monly utilized in cellular systems. This technique gen- 
erally involves a base station temporarily replacing a 
normal transmitted channel signal with another signal 
that carries special types of information to or from the 
mobile station. 

In an exemplary embodiment, the present invention 
provides a "system -wide" blank-and-burst mobile loca- 
tion technique in which multiple base stations of a wire- 
less system each suspend normal voice data commu- 
nications and transmit a distinct location signal for the 
duration of a common time interval. The interval is lim- 



ited in duration to about 100 ms in order to minimize the 
degradation in voice quality attributable to the suspen- 
sion of voice data communications. As noted above, 
suspension for an interval of about 1 00 ms will generally 
5 produce only a slight audible click in an analog system, 
and even less of an apparent degradation in a digital 
system. Each of the distinct location signals of the sys- 
tem base stations may then be configured to utilize a 
broad bandwidth covering multiple voice data channels 
10 for which communication has been suspended during 
the blank-and-burst interval, such that a high level of ac- 
curacy, is obtained for subsequent TDOA differential 
path delay measurements. In addition, the distinct chan- 
nel signals may be arranged so as to appear mutually 
IS orthogonal at the mobile receiver. For example, the lo- 
cation signals may be selected as mutually orthogonal 
signals having substantially non-overlapping comb-like 
frequency spectra. This eliminates the problem of inter- 
ference from base stations close to a mobile disrupting 
20 reception of a location signal from a more distant base 
station. The present invention thus provides a substan- 
tially higher SNR at the receiving mobile than that 
achievable with conventional techniques. 

FIG. 2 shows an exemplary implementation of base 
25 station BSl of FIG. 1 in accordance with the present in- 
vention. The base station BSl includes an antenna 30 
for receiving signals from and directing signals to mobile 
stations of the wireless system. A signal received from 
a mobile station is filtered by a diplexer filter 32 and di- 
sc rected to a receiver 34. 1 n a mobile-to-base embodiment 
of the invention, to be described in conjunction with FIG. 
6 below, the receiver 34 may be configured to include a 
location signal detector for detecting a location signal 
transmitted from a mobile station. In the base-to-mobile 
35 embodiment of FIG. 2, the receiver 34 preamplifies. 
downconverts and demodulates the received signal, 
and supplies the denrradulated data to a base station 
processor 40. The processor 40 is also used to process 
transmission data which is supplied to a transmitter 42. 
40 The transmitter 42 performs operations such as modu- 
lation, upconversion and power amplification, and deliv- 
ers the resulting transmission signal to the antenna 30 
via the diplexer filter 32. The base station BSl also in- 
cludes a location signal generator 44 which has an out- 
45 put coupled to the transmitter and an input coupled to 
an output of the processor 40. During a system-wide 
blank-and-burst interval in accordance with the present 
invention, the processor 40 directs the location signal 
generator 44 to generate or otherwise deliver a unique 
50 location signal S^(X) to the transmitter 42. The location 
signal S^ (I) generated in the base station BSl of FIG. 2 
may be supplied to transmitter 42 on a radb frequency 
(RF) carrier such that the signal S^(\) need only be am- 
plified in a transmitter power amplifier and supplied to 
55 antenna 30 via diplexer 32. Alternatively, the location 
signal generator 44 may generate a lower-frequency 
version of the location signal which is upconverted in the 
transmitter 42 to generate the transmitted location sig- 
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nal Si(t). The processor 40 may be implemented as a 
microprocessor, central processing unit, computer, ap- 
plication-specific integrated circuit (ASIC) or other dig- 
ital data processor, as welt as suitable portions or com- 
binations thereof. 

The location signal S^(t) generated by base station 
BS1 during the blank-and-burst interval has certain 
unique characteristics: such as a particular type of fre- 
quency spectrum, which identify it as being associated 
with the base station BS1. Other location signals gen- 
erated by other system base stations during the blank- 
and-burst interval are similarly associated with their cor- 
responding base stations. As will be described in greater 
detail in conjunction with FIG. 4 below, the location sig- 
nal generated by base station BS1 or another system 
base station may have a signal waveform which is lully 
specified a priori ar\6 therefore communicates no infor- 
mation other than that provided by the waveform itself. 
The waveform of the location signal Si(t) generated by 
base station BS1 is precisely timed to be generated at 
a particular time relative to the location signals generat- 
ed by other base stations, such that the location signals 
detected in a mobile station may be used to generate 
TDOA differential path delay measurements. In addi- 
tion, the location signals generated by multiple system 
base stations may be configured to appear mutually or- 
thogonal at a receiving mobile station in order to reduce 
interference and increase the SNR. 

In the above-described embodiment, the location 
signal waveforms are fully specified a priori. However, 
in alternative embodiments the location signals may be 
used to convey information while retaining the desirable 
characteristics noted above that make them suitable for 
location estimation. For example, the Global Positioning 
System (GPS) is based on a system of satellites that 
broadcast signals that are optimized for location but also 
carry inlornr^tion related to the task of locating the unit 
that receives the signals. A similar arrangement could 
be incorporated into an embodiment of the present in- 
vention. 

The base station BS1 temporarily suspends nonnal 
voice data communications for the relatively short dura- 
tion of the blank-and-burst interval, such that the band- 
width of multiple voice data channels is made available 
for the transmission of the location signal S^{X). This 
broader location signal bandwidth allows TDOA meas- 
urements to be perfonmed with a resolution on the order 
of 1 00 ns. For example, it was noted above that the 1 .25 
MHz bandwidth of a single IS-95 voice data channel is 
generally insufficient to provide a TDOA measurement 
resolution on the order of 100 ns. The location estima- 
tion techniques of the present invention, however, gen- 
erate a location signal which can occupy multiple voice 
data channels. The maximum contiguous available 
bandwidth in a given wireless system can therefore be 
used for the periodic transmission of location signals. 
This maximum contiguous bandwidth is about 5 f^Hz or 
15 MHz in PCS systems, depending on the spectrum 



allocation, and about 10 MHz in cellular systems. These 
relatively broad location signal band widths improve the 
ability of the receiving mobile station to discriminate be- 
tween a desired direct path version of a given location 

s signal and the unwanted muttipath versions of the loca- 
tion signal. A bandwidth of 10 MHz will allow TDOA 
measurements to be performed with a resolution on the 
order of 100 ns. 

FIG. 3 shows an exemplary implementation of the 

10 mobile station 12 of FIG. 1 in accordance with the 
present invention. The mobile station 12 includes an an- 
tenna 50 for receiving signals from and directing signals 
to base stations of the wireless system. A signal to be 
transmitted to a base station is supplied to the antenna 

IS 50 from a transmitter 54. The transmitter 54 performs 
operations such as modulation, upconversion and pow- 
er amplification, and delivers the resulting transmission 
signal to the antenna 50 via a diplexer filter 52. The 
transmitted signal generally carries data supplied or 

20 processed by a mobile station processor 56. Signals re- 
ceived by antenna 50 are supplied via diplexer filter 52 
to a receiver 60 which includes a data receiver 62 and 
first, second and third location signal detectors 64-1 , 
64-1 and 64-3. The data receiver 62 preamplifies, down- 

25 converts and demodulates a received data signal, and 
supplies the demodulated data to the mobile station 
processor 56. In a mobile-to-base embodiment of the 
invention, to be described in conjunction with FIG. 6 be- 
low, the mobile station of FIG. 3 may be configured such 

30 that the transmitter 54 transmits a location signal gen- 
erated by a location signal generator in the mobile sta- 
tion. 

The first, second and third location signal detectors 
64-1 , 64-2 and 64-3 are each designed to detect a dif- 

35 ferent location signal generated by a particular base sta- 
tion during a system-wide blank-and-burst interval In ac- 
cordance with the present invention. Although only three 
location signal detectors are shown in FIG. 3 for simplic- 
ity of illustration, it should be understood that the mobile 

40 station may include more than three location signal de- 
tectors because it does not know a priori which three 
base stations are nearest. For example, several detec- 
tors may be implemented as software in a digital signal 
processor, such that many location signals could be de- 

45 tected simultaneously, and the characteristics of the de- 
tectors could be altered depending upon which base 
stations are nearest to the mobile. 

The processor 56 may thus control operating pa- 
rameters of the location signal detectors 64-1 , 64-2 and 

so 64-3 such that the detectors attempt to detect the wave- 
forms of location signals Si (t). 82(1) and 83(1) associated 
with respective first, second and third base stations. 
These first, second and third base stations may include 
three base stations relatively close to the mobile station 

55 1 2. such as the base stations BSl , BS2 and BS3 of FIG. 
1 . One of the base stations may be a primary base sta- 
tion, such as base station BS1. which is in the process 
of communicating voice data to and from the mobile sta- 
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tion 12 as part ot an on-going call. The processor 56 
identities three base stations f rona which the nnobile sta- 
tion 12 should attempt to detect location signals during 
the interval, and configures each of the detectors 64-1 . 
64-2 and 64-3 to detect a waveform having the a priori 
characteristics associated with one of the three base 
stations. As noted previously, the location signals S,(t), 
SgO) and S3(t) are designed to appear mutually orthog- 
onal at the mobile station 12. This ensures that the lo- 
cation signal generated by the base station closest to 
the mobile will not interfere with the detection of a weak- 
er location signal generated by a nnore distant base sta- 
tion. 

The processor 56 nr^y utilize information transmit- 
ted from a particular base station to facilitate its deter- 
mination ot an appropriate set ot parameters for the de- 
tectors 64-1, 64-2 and 64-3 during a given blank-and- 
burst interval. This information transmitted from a base 
station may be utilized to configure the location signal 
detectors of a particular mobile station regardless of 
whether or not there is an on-going call in progress. 
Moreover, this information may be transmitted before or 
after the blank-and-burst interval. It may also be trans- 
mitted during the blank-and-burst interval if it is modu- 
lated onto a carrier signal configured so as not to inter- 
fere with the detection of the location signals. Alterna- 
tively, the transmitted information could be modulated 
onto a location signal in such a way as not to interfere 
with the detection of the location signal parameters 
needed for location signal estimation. Like the base sta- 
tion processor 40, the mobile station processor 56 may 
also be implemented as a microprocessor, central 
processing unit, computer, ASIC or other digital data 
processor, as well as suitable portions or combinations 
thereof. 

FIG. 4 shows frequency spectra S^(f), Sglf) and 83 
(f) of the respective first, second and third location sig- 
nals Si(t), S2(t) and S^(X) to be detected in the mobile 
station 1 2 of FIG. 3. The frequency spectra in this illus- 
trative embodiment are configured as substantially non- 
overlapping comb-like spectra. Each frequency spec- 
trum Sj(f) includes a comb of evenly-spaced narrow 
spectral lines 80. The spectral lines 80 of each of the 
spectra are offset from those of the other spectra such 
that the spectral lines do not overlap. This ensures that 
the location signal waveforms to be detected by a mobile 
station during a given blank-and-burst interval are mu- 
tually orthogonal, such that interference due to other 
base stations is substantially reduced and the SNR of a 
given location signal at the mobile station 12 is thereby 
considerably increased. The additive noise at the mobile 
station is thus limited to that ot the mobile station front 
end plus any ambient noise that may exist in the system. 
It should be noted that the width of the spectral lines 80 
in FIG. 4 is exaggerated for clarity of illustration. The 
width of a given spectral line BO in this embodiment will 
typically be on the order of the inverse of the blank-and- 
burst interval, or about 50 Hz for a 20 millisecond blank- 



and-burst interval. The spacing between adjacent spec- 
tral lines 80 in a given location signal may be on the 
order of 100 kHz. 

The locatbn signals Si{t). SgO) and Salt) may also 

5 be configured to occupy the broadest possible band- 
width. Given that normal voice data communications are 
suspended during the relatively short blank-and-burst 
interval for which the location signals 5^(1), 82(1) and S3 
(t) are transmitted, the location signals may be designed 

10 to occupy a much broader bandwidth than would other- 
wise be possible. As noted above, this bandwidth may 
be about 10 MHz for IS-gS cellular systems. The fre- 
quency spectra Si(f). SgCf) and S3(f) are therefore 
shown in FIG. 4 as occupying a 10 MHz bandwidth. The 

-iS 10 MHz bandwidth is sufficient to provide a TDOA dif- 
ferential path delay measurement resolution of about 
100 ns. which is adequate for many practical mobile lo- 
cation estimation applications. The actual amount of 
bandwidth utilized in a given application will generally 

20 vary depending upon the spectrum allocation of the 
wireless system as well as other factors. For example, 
although the differential path delay measurement accu- 
racy increases with increasing location signal band- 
width, it may nonetheless be desirable in a given appli- 
es cation to decrease the amount of bandwidth utilized by 
the location signals in order to reduce the cost and com- 
plexity of the detection circuitry in the mobile. It should 
also be noted that the use of locatbn signals having 
slightly offset comb-like spectra as shown in FIG. 4 is 

30 just orie example of a set of location signals which ap- 
pear mutually orthogonal as seen by the receiving mo- 
bile. Numerous other types ot location signals having 
this property may be used in alternative embodiments. 
For example, signals that are disjoint in time would also 

35 be orthogonal. A system using such signals could sub- 
divide the blank-and-burst interval into several sub-in- 
tervals, and only a subset ot the base stations would be 
allowed to transmit a location signal in each sub-inten/aL 
An alternative embodiment of the invention is par- 

40 ticularly well-suited for use in an IS-95 or other similar 
system in which each base station transmits a pilot sig- 
nal for synchronization purposes. In this embodiment, a 
set of the pilot signals transmitted by some or all of the 
base stations can be used as a set of location signals 

45 because such signals can provide the desired location 
signal features described previously. In particular, the 
orthogonality feature is provided in such an embodiment 
if the mobile station receiver integrates the received sig- 
nal over a time interval that is a multiple of the repetition 

so period of the pilot signals. The repetition period is gen- 
erally the same lor all pilot signals and may be on the 
order of 20 ms. Therefore, the present invention may be 
implemented in an IS-95 or similar system wherein 
some or all ot the base stations suspend all transmis- 

55 sbns except for the pilot signals for a period of time bng 
enough to include one or more whole periods of the pilot 
signals. 

Refen-ing again to FIG. 3, each of the location signal 
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detectors 64-1 , 64-2 and 64-3 is configured by the proc- 
essor 56 to detect one of the location signals S^(X), S2 
(t) and S3(t) transmitted by respective first, second and 
third base stations of system 10. The location signal 
wavefomns are precisely timed to occur at a predeter- 
mined time relative to the start of the blank-and-burst 
interval, such that the detected location signals may be 
used to generate TDOA diflerential path delay measure- 
ments. The location signal detectors 64-1. 64-2 and 
64-3 may supply the detected signals to the processor 
56 such that processor 56 determines an arrival time 
and generates the corresponding differential path delay 
measurement for each pair of location signals. Alterna- 
tively, the arrival times and differential path delay meas- 
urements may be generated in the signal detectors 
64-1, 64-2 and 64-3. In either case, the differential path 
delay measurement generated from a given detected lo- 
cation signal provides an estimate of the delay between 
the corresponding base station and the mobile station. 
The path delay may be multiplied by the speed of light 
c to provide an estimate of the distance or range be- 
tween the base station and the mobile. Conventional tri- 
angulation techniques may then be used to process the 
range values to compute an estimate of mobile location. 
For example, the three range values may be used to 
specify three hyperbolas, such that the estimate of mo- 
bile location can be computed by determining the inter- 
section of the three hyperbolas. Any of a number of other 
conventional techniques may also be used. The actual 
mobile location estimate computation may be per- 
formed in the processor 56 of the mobile station 12, us- 
ing information supplied by the system via the normal 
base-to-mobile communication channels. Alternatively, 
a mobile station which desires a location estimate can 
transmit the results of the differential path delay meas- 
urements to the system during or after the blank-and- 
burst interval. The system will then perform the neces- 
sary computations, perhaps utilizing a base station 
processor such as processor 40 of FIG. 2, and then 
transmit the resulting location estimate to the mobile 
over the normal base-to-mobile communication chan- 
nels. 

FIG. 5 is a flow diagram illustrating a mobile location 
estimation process in accordance with the invention. In 
step 100. the mobile location estimation process is ini- 
tiated when at least a subset of the system base stations 
suspend voice data communications for the duration of 
a system-wide blank-and-burst interval which may be 
on the order of about 1 to 100 milliseconds. The start of 
the system-wide blank-and-burst interval may be trig- 
gered by the expiration of a periodic timer located in a 
given base station and synchronized with correspond- 
ing timers in the other system base stations. This ar- 
rangement would allow all mobile stations in the system 
to establish their positions at regular intervals such as, 
for example, once every minute. Altematively, the start 
of the system-wide blank-and-burst interval may be trig- 
gered in response to system commands received from 



a mobile or group of mobiles, with appropriate limitations 
to prevent excessive disruption of voice traffic. Other 
systems in accordance with the invention may imple- 
ment a combination of periodic and command-based 
5 system-wide blank-and-burst. Regardless of the man- 
ner in which the system-wide blank-and-burst interval is 
initiated, each of the subset of system base stations 
which suspended voice data communications in step 
100 proceeds to transmit its distinct location signal in 
10 step 1 02. This location signal has an identifying charac- 
teristic, such as a particular one of the comb-like fre- 
quency spectra shown in FIG. 4, which associates it with 
its corresponding base station. The location signals may 
be configured to occupy a broad bandwidth, such as the 
75 bandwidth normally occupied by multiple channels of 
the wireless system. 

A mobile station for which a location estimate is to 
be generated detects in step 104 the distinct location 
signals transmitted from at least three system base sta- 
20 tions. The mobile station location signal detectors 64-1 , 
64-2 and 64-3 may be configured by mobile station proc- 
essor 56 to attempt to detect kx;a1ion signals from the 
three base stations expected to be closest to the mobile. 
Alternatively, there may be more than three location sig- 
25 nal detectors, one for each base station that might be 
nearby. The mobile processor utilizes Infomnation re- 
ceived over normal base-to-mobile communication 
channels to determine the base stations from which the 
mobile should attempt to detect location signals. The lo- 
30 cation signals transmitted by these base stations have 
distinct waveforms, and therefore each location signal 
can be associated with a particular base station. The 
arrival time of a given location signal with respect to the 
arrival times of other location signals can thus provide 
35 a measure of differential path delay between the mobile 
and a corresponding pair of base stations. The location 
signals are arranged so as to appear mutually orthogo- 
nal at the receiving mobile, such that the operation of a 
location signal detector designed to detect a location 
40 signal from a relatively distant base station will not be 
disrupted due to interference created by the location sig- 
nals of closer base stations. 

The detected location signals are processed in step 
106 to generate differential location signal arrival times 
45 and corresponding TDOA differential path delays for 
each pair of base stations whose signals can be detect- 
ed by the mobile station. The differential path delays are 
then used in mobile processor 56, a base station proc- 
essor 40 or other suitable system processor to compute 
so an estimate of mobile station location using convention- 
al techniques as previously described. At the expiration 
of the system-wide blank-and-burst interval, the system 
base stations resume voice data communications as 
shown in step 108. It should be noted that the suspen- 
55 sk5n of voice data communications in step 1 00 may also 
involve the suspension of other types of base-to-mobile 
and mobile-to-base communications. If the location es- 
timate of step 1 06 is generated in a system base station 
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or in another processor external to the mobile station, it 
therefore may be necessary to wait until after the expi- 
ration of the current blank-and-burst interval to transmit 
measured path delay data to a base station and/or re- 
ceive a computed location estimate from a base station. 

An alternative implementation of the above-de- 
scribed base-to-mobile embodiment may blank only a 
portion of the total bandwidth utilized by the wireless 
system. Such an implementation is particularly well-suit- 
ed for use in channelized wireless systems such as the 
Advanced Mobile Phone System (AMPS) and IS-136. 
An exemplary channelized system may include on the 
order of 300 or more 30-kHz channels in the 10-MHz 
bandwidth utilized by the system. The above-described 
blank-and-burst techniques may then be implemented 
using only every fourth channel, such that three-fourths 
of the system bandwidth remains available for uses un- 
related to location estimation during any given blank- 
and-burst interval. The particular number of channels 
used for blank-and-burst in a particular application in- 
volves a tradeoff with signal detection ambiguity, with 
fewer channels generally leading to more ambiguity. 
The additional ambiguity could be resolved using signal 
strength measures or other suitable ambiguity resolu- 
tion techniques. This partial system bandwidth blank- 
and-burst embodiment may be implemented in a CDMA 
system by applying a suitable notch fitter to an otherwise 
normal CDMA signal prior to its transmission during the 
blank-and-burst interval. The notch filter will generally 
not affect portions of the CDMA signal used for other 
purposes, but frees up the portion of the bandwidth 
needed to transmit the base-to-mobile location signals. 

FIG. 6 is a flow diagram of an embodiment of the 
invention in which mobile location estimation is imple- 
mented in a mobile-to-base direction. In this embodi- 
ment, at least a subset of all system mobile stations are 
directed to terminate ordinary communication functions 
for a short blank-and-burst interval. The mobile stations 
are each configured to include a location signal gener- 
ator such as that shown in FIG. 2. and the system base 
stations each include a location signal detector ar- 
ranged in a manner similar to that shown in FIG. 3. A 
system controller then directs one or more mobile sta- 
tions to transmit a location signal during the interval, at 
a predetermined transmitted power level, or at a trans- 
mitted power level that the primary base station com- 
municates to the mobile station via the normal wireless 
channel. The location signal is received by at least three 
base stations in the vicinity of the transmitting mobile 
station, and the various detected versions of the trans- 
mitted location signal are processed to generate an es- 
timate of mobile location. The process is illustrated in 
more detail in steps 120 through 128 of FIG. 6. In step 
120, the mobile location estimation process is initiated 
when at least a subset of the system mobile stations 
suspend voice data communications for the duration of 
a system-wide blank-and-burst interval which may be 
on the order of about 1 to 100 milliseconds. As in the 



other embodiments described previously, the start of the 
system-wide blank-and-burst interval may be triggered 
by the expiration of a periodic timer located in a given 
base station and synchronized with corresponding tim- 
5 ers in the other system base stations. The base stations 
could then transmit an indication to the mobile statbns 
that the blank-and-burst interval is beginning. Alterna- 
tively, the start of the system-wide blank-and-burst in- 
terval may be triggered in response to system com- 
10 nnands received from a mobile or group of mobiles. Dur- 
. ing the blank-and-burst inten^al, each mobile statton for 
which location is to estimated during the interval trans- 
mits a distinct location signal as shown in step 122. This 
location signal has an identifying characteristic, such as 
IS a particular one of the comb-like frequency spectra 
shown in FIG, 4. which associates it with its correspond- 
ing mobile station. As in the base-to-mobile embodi- 
ments, the location signals in this mobile-to-base em- 
bodiment nnay be configured to occupy a broad band- 
20 width, such as the bandwidth normally occupied by mul- 
tiple channels of the wireless system. 

The location signal transmitted from a given mobile 
station for which a location estimate is to be generated 
is then detected in step 124 by at least three system 
25 base stations in the vicinity of that mobile station. As 
noted above, a suitable location signal detector may be 
incorporated into each of the base station receivers for 
detection of mobile-to-base location signals. The sys- 
tem controller may be used to direct three system base 
30 stations to detect a location signal from the given mobile, 
such that three different detected versions of the same 
transmitted location signal may be processed to gener- 
ate an estimate of the location of the corresponding mo- 
bile, as shown in step 126. The arrival time of the loca- 
ls tion signal in a particular base station with respect to the 
arrival time of the same location signal in another base 
station can be used to provide a measure of differential 
path delay between the mobile and that pair of base sta- 
tions. The location signals from the various mobiles may 
40 be arranged so as to appear mutually orthogonal at the 
receiving base station, such that the operation of a lo- 
cation signal detector designed to detect a location sig- 
nal from a particular mobile station will not be disrupted 
due to interference created by the location signals of 
4S other mobile stations transmitting during the same 
blank-and-burst interval. The system controller may 
thus assign particular types of location signals to be 
used by particular mobile stations for a given blank-and- 
burst interval so as to preserve the above-described ap- 
50 pearance of mutual orthogonality for that interval. The 
assignments may be different from interval to interval 
depending on which mobiles will be using the location 
estimation feature. At the expiration of the system-wide 
blank-and-burst interval, the system mobile stations 
55 resume voice data communicatbns as shown in step 
1 28. As in the previous embodiments, the suspension 
of voice data communicattons in step 120 may also in- 
volve the suspension of other types of base-to-mobile 
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and mobile-to-base wireless communications. 

The present invention provides mobile location es- 
timation techniques which exhibit a broad location signal 
bandwidth and thus support high resolution TDOA dif- 
ferential path delay measurements on the order of 100 5 
nanoseconds. The location signals in accordance with 
the invention also provide a substantially higher SNR at 
the receiving mobile or base stations than that achiev- 
able with conventional mobile location estimation. The 
broad bandwidth and high SNR insulate the resulting dif- 
terential path delay measurements from the disruptive 
effects of multipath reception. In contrast, conventional 
narrowband mobile location techniques cannot easily 
discriminate between the arrival time of the desired di- 
rect path version of a location signal and those of un- 
wanted multipath versions of the location signal which 
may be present at the receiving mobile or base station. 
The high SNR provided by the orthogonal location sig- 
nals of the present invention make it much easier, for 
example, to extract the direct path version of a location 
signal transmitted by a relatively distant base station by 
substantially reducing the amount of interference which 
would otherwise be created by the location signals of 
closer base stations. Moreover, these and other advan- 
tages are provided using a relatively short blank-and- 
burst interval, such that voice quality and other system 
performance measures are not significantly degraded. 

The above-described embodiments of the invention 
are intended to be illustrative only. In particular, it will be 
apparent to those skilled in the art that the blank-and- 
burst techniques of the invention can be applied to sys- 
tems that employ location methods other than TDOA. 
For example, a location system based on Dlrection-of- 
Arrival (DOA) detection may use directional antennas to 
determine the direction from which a location signal from 
a mobile arrives at a base station. Alternatively, a Vang- 
ing" system, similar to a radar system, may measure the 
time it takes a mobile to respond to a query, which pro- 
vides an estimate of the round-trip delay incurred by a 
radio signal while traveling from the base station to the 
mobile station and back. These and other location sys- 
tems all rely on the detection of a radio signal that may 
be subject to interference due to other stations in the 
system utilizing the same frequency channels. There- 
fore, the blank-and-burst techniques of the invention 
can provide in DOA. ranging and other similar location 
systems the same advantages described above in the 
context of a TDOA system. These and numerous other 
altemative embodiments may be devised by those 
skilled in the art without departing from the scope of the 
following claims. 



Claims 

1. A method of estimating mobile station location in a 
wireless communication system, the method com- 
prising the steps of: 



transmitting during a particular time Interval a 
location signal from a base station of the sys- 
tem, the location signal including a distinct 
characteristic identifying the corresponding 
base statksn, wherein at least one of the base 
stations of the system at least partially sus- 
pends wireless communications tor the partic- 
ular time interval during which the location sig- 
nal is transmitted; 

detecting the location signal in a mobile station 
of the wireless system to generate information 
for estimating the location of the mobile station. 



2. The method of claim 1 wherein the transmitting step 
15 includes transmitting during the particular time in- 
terval a first location signal from a first base station, 
a second location signal from a second base station 
and a third location signal from a third base station, 
such that the first, second and third location signals 

20 each include a distinct characteristic identifying the 
corresponding base station, wherein each of the 
first, second and third base stations at least partially 
suspend wireless communications for the particular 
time interval during which the location signals are 
25 transmitted. 

3. A base station for use in estimating mobile station 
location in a wireless communication system, the 
base station comprising: 

30 

a location signal generator for generating a lo- 
cation signal; and 

a base station transmitter for transmitting the 
location signal during a particular time interval 
35 for which at least one base station of the system 

at least partially suspends wireless communi- 
cations with mobile stations of the system, such 
that a particular mobile station can detect the 
location signal to generate information for esti- 
40 mating the location of the mobile station. 

4. A method as claimed in claim 1, or a base station 
as claimed in claim 3, wherein the location signal is 
configured to appear mutually orthogonal to at least 

45 one other location signal from one other base sta- 
tion, as observed at the mobile station. 

5. A mobile station for use in estimating mobile station 
location in a wireless communication system, the 

50 mobile station comprising: 

a receiver for detecting a location signal trans- 
mitted by a base station of the wireless system 
during a particular time interval lor which at 
55 least one other base station at least partially 

suspends wireless communications with mo- 
bile stations of the system; and 
a processor having an input coupled to an out- 
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put o1 the receiver tor receiving a detected lo- 
cation signal therefrom, and for processing the 
detected signal to generate infornnation for es- 
timating the location of the mobile station. 

6. A wireless communication system comprising: 



12. A method as claimed in claim 2, or a base station, 
mobile station or system as claimed in claim 7 
wherein the first, second and third location signals 
have substantially non-overlapping comb-like fre- 
quency spectra. 



at least one mobile station; and 
a plurality of base stations, including at least 
one base station for transmitting a location sig- 
nal, wherein the location signal is transmitted 
during a particular time interval for which at 
least one of the plurality of base stations at least 
partially suspend wireless communications, 
such that the mobile station can detect the lo- is 
cation signal to generate information for esti- 
mating the location of the mobile station. 

7. A base station as claimed in claim 3, or a mobile 
station as claimed in claim 5, or a system as claimed 20 
in claim 6, wherein during the particular time interval 

a first location signal is transmitted from a first base 
station, a second location signal is transmitted from 
a second base station and a third location signal is 
transmitted from a third base station, such that the 2S 
first, second and third location signals each include 
a distinct characteristic identifying the correspond- 
ing base station, wherein each of the first, second 
and third base stations at least partially suspend 
wireless communications lor the particular time in- 30 
terval during which the location signals are trans- 
mitted. 

8. A mobile station or a system as claimed in claim 7 
wherein the first, second and third location signals 35 
are configured to appear mutually orthogonal at the 
mobile station. 

9. A method as claimed in claim 2, or a system as 
claimed in claim 7, wherein the first, second and 
third base stations suspend all wireless communi- 
cations with mobile stations of the system for the 
time Interval during which the location signals are 
transmitted. 

45 

10. A method as claimed in claim 1, or a base station 
as claimed in claim 3. or a mobile station as claimed 
in claim 5, or a system as claimed in claim 6, wrtiere- 
in the particular time interval during which the loca- 
tion signal Is transmitted has a duration of about 1 50 
ms to about 100 ms. 



11. A method as claimed in claim 1, or a base station 
as claimed in claim 3, or a mobile station as claimed 
in claim 5, or a system as claimed in claim 6, where- 55 
in the location signal includes a predetermined 
waveform carrying no additional information other 
than that provided by the waveform itself. 
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SYSTEM BASE STATIONS SUSPEND VOICE DATA 
COMMUNICATIONS FOR A BLANK-AND-BURST 
INTERVAL OF ABOUT 20 TO 50 MS 



102- 



DURING BLANK-AND-BURST INTERVAL. BASE 
STATIONS EACH TRANSMIT A DISTINCT LOCATION 
SIGNAL USING BANDWIDTH OF MULTIPLE 
VOICE DATA CHANNELS 



104- 



MOBILE STATION FOR WHICH LOCATION IS TO 
BE ESTIMATED DETECTS MUTUALLY ORTHOGONAL 
LOCATION SIGNALS TRANSMITTED BY THREE 
OR MORE DIFFERENT BASE STATIONS 









105-^ 


DETECTED LOCATION SIGNALS ARE PROCESSED 

TO GENERATE TDOA MEASUREMENTS AND A 
CORRESPONDING ESTIMATE OF MOBILE LOCATION 
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SYSTEM CONTROLLER DIRECTS ALL MOBILE 
STATIONS TO SUSPEND VOICE DATA 
COMMUNICATION FOR A BLANK-AND- 

BURST INTERVAL OF ABOUT 20 TO 50 MS 



DURING BLANK-AND-BURST INTERVAL. 
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LOCATION IS TO BE ESTIMATED TRANSMIT 
A UNIQUE LOCATION SIGNAL 
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GIVEN MOBILE DETECT LOCATION SIGNAL 
TRANSMITTED BY THAT MOBILE 
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DETECTED LOCATION SIGNALS FROM THE 
THREE BASE STATIONS ARE PROCESSED 
TO GENERATE TDOA MEASUREMENTS AND 
A CORRESPONDING ESTIMATE OF MOBILE 
LOCATION 
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implemented in partial system blanking embodiments 



and mobile-to-base embodiments. 
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